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(54) FEEDFORWARD AMPLIFIER 

(57) A delayed input signal from a delay circuit (24) 
and an output signal are combined by a combiner (51). 
The output form combiner (51) is converted into a low- 
frequency signal by a frequency converter (53). Distor- 
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tion components are extracted from the output from the 
frequency converter (53) and measured by a power de- 
tector (55). A control circuit (56) controls a second vector 
controller (11) in a distortion cancel loop (102) to m.ni- 
mize the measured distortion components. 
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Description 
TECHNICAL FIELD 



[0001] The present invention relates to a feedforward 
amplifier for carrying out low distortion amplification in 
a radio frequency band. 

BACKGROUND ART 

[0002] A feedforward amplifier that achieves a low 
distortion characteristic by feedforward distortion com- 
pensation is often used as an amplifier for carrying out 
low distortion amplification in a radio frequency band 
such as VHF, UHF and microwave frequency bands. 
The feedforward distortion compensation can imple- 
mentfavorable distortion compensation in principle, and 
has an advantage of being able to configure a very low 
distortion, small amplifier. However, it has a problem in 
that when the characteristic of the amplifier varies be- 
cause of ambienttemperature or deterioration with age, 
its distortion compensation range is reduced and the 
distortion characteristic is impaired significantly. 
[0003] To solve the problem, a method is proposed 
that injects a pilot signal into a loop constituting the feed- 
forward distortion compensation system, and controls 
the amplifier or the loop constituting the feedforward 
system by detecting the pilot signal. 
[0004] Fig. 1 is a block diagram showing a configura- 
tion of a feedforward amplifier disclosed in Japanese 
patent application publication No. 7-77330. The tech- 
nique is an example that injects the pilot signal into the 
feedforward distortion compensation system to control 
the feedforward system. 

[0005] In Fig. 1, the reference numeral 1 designates 
an input terminal of the amplifier; 2 designates a splitter 
for distributing an input signal to two paths; 3 designates 
a first vector regulator for electrically regulating the am- 
plitude and phase of a signal passing through the first 
path; 4 designates a main amplifier for amplifying the 
input signal; 5 designates a delay circuit for delaying the 
input signal distributed to the second path by the splitter 
2; 6 designates a splitter/combiner for distributing a part 
of the output signal of the main amplifier 4 and for com- 
bining the distributed output signal with a part of the in- 
put signal passing through the delay circuit 5; 7 desig- 
nates a directional coupler; and 8 designates a pilot sig- 
nal generator. 

[0006] The reference numeral 101 designates a dis- 
tortion detecting loop that includes the splitter 2, first 
vector regulator 3, main amplifier 4, delay circuit 5 and 
splitter/combiner 6 , and cancels the input signal com- 
ponent by combining the input signal with the output of 
the main amplified, thereby extracting a distortion com- 
ponent generated by the main amplifier 4. Here, the pilot 
signal supplied from the pilot signal generator 8 is in- 
jected into the output of the main amplifier 4 via the di- 
rectional coupler 7. The pilot signal is used for control- 



ling a distortion canceling loop 102 as described later. 
[0007] The reference numeral 9 designates a delay 
circuit; 10 designates a combiner; 11 designates a sec- 
ond vector regulator; 12 designates an auxiliary ampli- 
5 fier; 1 3 designates a directional coupler; 1 02 designates 
the distortion canceling loop including the delay circuit 
9, combiner 10, second vector regulator 11, auxiliary 
amplifier 12 and directional coupler 13. The reference 
numeral 14 designates a directional coupler; 15 desig- 
10 nates an output terminal of the amplifier; 1 6 designates 
a level detector; 17 designates a pilot signal detector; 
and 18 designates a controller for controlling the first 
vector regulator 3 and the second vector regulator 11 . 
[0008] Next, the operation of the conventional feed- 
15 forward amplifier will be described. 

[0009] The output signal of the main amplifier 4 pass- 
es through the splitter/combiner 6, and its major part 
passing through the delay circuit 9 is supplied to a first 
input terminal of the combiner 1 0 installed on the output 
20 side. The distortion component extracted by the distor- 
tion detecting loop 101 appears at a terminal of the split- 
ter/combiner 6, passes through the second vector reg- 
ulator 11 , is amplified by the auxiliary amplifier 12, and 
is input to the second input terminal of the combiner 1 0 . 
25 The combiner 10 combines the output signal passing 
through the delay circuit 9 with the distortion component 
amplified by the auxiliary amplifier 12 in the same am- 
plitude but in the opposite phase, thereby canceling the 
distortion component and producing the output of small 
30 distortion from the output terminal 1 5. 

[0010] The optimizing control of the distortion detect- 
ing loop 101 in the feedforward amplifier is carried out 
as follows by controlling the vector regulator 3. 
[0011] The directional coupler 13 connected to the 
35 output of the auxiliary amplifier 1 2 extracts a part of the 
signal, the level of which is detected by the level detector 
16. The minimum power level of the signal indicates the 
best canceled state of the signal component, in which 
the distortion detecting loop 1 01 is controlled at the op- 
40 timum state. Therefore, the controller 1 8 automatically 
controls the first vector regulator 3 such that the power 
level detected by the level detector 16 becomes mini- 
mum. 

[001 2] Besides, the optimizing control of the distortion 
45 canceling loop 102 is carried out as follows by control- 
ling the second vector regulator 11 . 
[0013] The directional coupler 14 installed on the out- 
put side of the feedforward amplifier extracts a part of 
the output signal, and the pilot signal detector 1 7 detects 
50 the pilot signal included in the output signal. The mini- 
mum level of the pilot signal indicates the best regulated 
state of the distortion canceling loop 102. Therefore, the 
controller 18 automatically controls the second vector 
regulator 11 such that the pilot signal detected by the 
55 pilot signal detector 17 becomes minimum. 

[0014] Thus, the conventional feedforward amplifier 
implements the optimum distortion compensation 
against the ambient temperature variations and deteri- 
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oration with age by optimally controlling the two loops 
constituting the feedforward distortion compensation 
system, that is, the distortion detecting loop 101 and the 
distortion canceling loop 102. 
r001 51 As conventional feedforward amplifiers, many 
schemes other than the foregoing method are proposed 
which carry out the control of the feedforward system by 
injecting the pilot signal into the loop. All these feedfor- 
ward amplifiers exploiting the pilot signal have a com- 
mon problem in that they cannot help outputting the pilot 
signal from the output terminal. Although the second 
vector regulator 1 1 is controlled such that the pilot signal 
used for controlling the distortion canceling loop 102 is 
canceled out in principle, the pilot signal is not complete- 
ly canceled in practice because of the limited control ac- 
curacy or nonnegligible control time of the feedforward 
system. Thus, it is unavoidable that the pilot signal is 
output from the output terminal 15. 
r0016] To solve this problem, a filter is often connect- 
ed to the output terminal of the feedforward amplifier to 
pass the desired signal and reject the frequency of the 
pilot signal. However, to achieve the control us.ng the 
pilot signal at high accuracy, the frequency of the de- 
sired signal must be close to that of the pilot signal. Ac- 
cordingly, it is unavoidable that the filter to separate 
them becomes large in size and loss, bringing about an 
increase in size and reduction in efficiency of the ampli- 

[0017] In view of this, some schemes are proposed 
that control the feedforward distortion compensation 
system without utilizing the pilot signal. 
[0018] Fig. 2 is a block diagram showing another con- 
figuration of the feedforward amplifier disclosed in Jap- 
anese patent application publication No. 7-77330. In 
Fiq 2 the same or like portions to those of Fig. l are 
designated by the same reference numerals, and the 
description thereof is omitted here. 
r001 91 This feedforward amplifier lacks the pilot s.gna 
generator 8 of Fig. 1 . It supplies part of the output signal 
extracted by the directional coupler 14 to the d.stort.on 
detector 1 9 for detecting the distortion of the output sig- 
nal to control the feedforward system in such a manner 
that the distortion becomes minimum. 
F00201 This configuration has the following problem. 
00211 Specifically, it is very difficult for the feedfor- 
ward amplifier to carry out the control by detecting the 
distortion component of its output signal because he 
distortion component is usually much smaller than the 
signal component by a factor from 50 dB to 60 dB. 
Therefore, the distortion detector 1 9 cannot be realized 
in practice, or even if it is realized, its circuit conjura- 
tion will be complicated, resulting in an increase in rts 
size and cost. 

[0022] Another conventional feedforward amplifier 
without using the pilot signal is disclosed in Japanese 
patent application laid-open No. 7-336153 Fig. 3 is a 
block diagram showing a configuration of the feedfor- 
ward amplifier. In Fig. 3, the same or like portions to 



those of Fig. 2 are designated by the same reference 
numerals, and the description thereof is omitted here. 
In Fig 3, the reference numeral 20 designates a con- 
troller for controlling the first vector regulator 3; 21 des- 
5 ignates a level detector; 22 designates a signal suppres- 
sor 23 designates a controlled or controlling the second 
vector regulator 11; 24 designates a delay circutt; and 
25 designates a splitter. The reference numeral 103 
designates a distortion detecting loop that comprises 
io the splitters 2 and 25, the first vector regulator 3, the 
main amplifier 4, the delay circuit 5 and the splitter/com- 
biner 6 Fig. 4 is a block diagram showing a configuration 
of the signal suppressor 22 as shown in Fig. 3. In Fig. 
4 the reference numeral 201 designates a vector regu- 
15 lator 202 designates a splitter/combiner, 203 desig- 
nates a delay circuit, 204 designates an amplifier, and 
205 designates a level detector. 
[00231 The feedforward amplifier detects the distor- 
tion component signal extracted by the directional cou- 
20 pier 13 by the level detector 21, and controls the first 
vector regulator 3 by the controller 20 such that the pow- 
er level of the distortion component signal becomes min- 
imum, thereby carrying out the optimum control of the 
distortion detecting loop 103. Although the directional 
25 coupler 1 3 is installed before the second vector regula- 
tor 11 in Fig. 3, it can be provided after the auxiliary am- 
plifier 12 as in Fig. 1 because the scheme of the opti- 
mizing control of the distortion detecting loop 1 03 is the 
same as that of Fig. 1 . 
30 [00241 In Fig. 3, the pilot signal generator 8 as shown 
in Fig 1 is not installed. Instead, the splitter 25 provided 
on the input side of the feedforward amplifier extracts a 
part of the input signal, and supplies it to the signal sup- 
pressor 22 via the delay circuit 24. In addition, the d.rec- 
35 tional coupler 14 on the output side of the feedforward 
amplifier extracts a part of the output signal, and sup- 
plies it to the signal suppressor 22. 
[00251 The signal suppressor 22 has an internal con- 
figuration as shown in Fig. 4. The input signal and output 
40 signal of the feedforward amplifier supplied to the signal 
suppressor 22 are combined by the signal suppressor 
22 with the internal configuration including the multi- 
stage* vector regulators 201, splitter/combiners 202 
and delay circuits 203. Using the mutti-stage internal 
45 configurationofthesignalsuppressorcancanceloutthe 

signal component by a factor of 50 dB to 60 dB leaving 
the distortion component included in the feedforward 
amplifier The distortion component is amplified by the 
amplifier 204. and detected by the level detector 205. 
so The controller 23 controls the second vector regulator 
1 1 such that the power level of the distortion componen 
is reduced, thereby carrying out the optimizing control 
of the distortion canceling loop 102. 
[0026] The conventional feedforward amplifier has a 
55 problem of increasing size and complexity because it 
employs the signal suppressor 22 including the multi- 
staged splitter/combiners 202, vector regulators 201 
and delay circuit 203. In addition, it has a problem in that 
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the adjustment is tedious of the many vector regulators 
201 and delay circuits 203 included in the signal sup- 
pressor 22. 

[0027] For example, even the slightest variations in 
the amplification frequency involved in the change of the 
channels to be amplified by the feedforward amplifier 
presents a problem of requiring readjustment of ail the 
vector regulators or all the delay circuits of the signal 
suppressor 22. 

[0028] In summary, the conventional feedforward am- 
plifiers with the foregoing configurations have the follow- 
ing problems. First, the feedforward amplifiers that con- 
trol their feedforward system by injecting the pilot signal 
have a problem of outputting the residual pilot signal re- 
sulting from the control process from the output terminal. 
[0029] Installing the output filter to eliminate the pilot 
signal presents another problem of increasing the size 
and reducing the efficiency of the amplifier because of 
the large size and loss of the outpul filler. 
[0030] As forthe configuration as shown in Fig. 2 with- 
out the pilot signal generator 8, which controls the feed- 
forward system in such a manner that the distortion be- 
comes minimum by detecting the distortion of the output 
signal, it is difficult to detect the distortion signal smaller 
than the signal component by a factor of 50 dB to 60 dB 
to carry out the control. Thus, it presents a problem in 
that the distortion detector cannot be implemented in 
practice, or that even if it can be implemented, its con- 
figuration will become complicated, large and expen- 
sive. 

[0031] As for the feedforward amplifier as shown in 
Figs. 3 and 4, it presents a problem of increasing its size 
and complexity because of the signal suppressor 22 
with the multi-stage configuration. 
[0032] In addition, since the slightest variations in the 
amplification frequency requires the readjustment of all 
the vector regulators and delay circuits of the signal sup- 
pressor 22 : it has a problem of requiring complicated 
adjustment in actual operation. 
[0033] The present invention is implemented to solve 
the foregoing problems. Therefore, it is an object of the 
present invention to provide a feedforward amplifier that 
can implement favorable distortion characteristic unaf- 
fected by the variations in the ambient temperature or 
deterioration with age, and that has a small size and high 
efficiency, and can cope with the frequency changes 
with ease. 

DISCLOSURE OF THE INVENTION 

[0034] According to a first aspect of the present inven- 
tion, there is provided a feedforward amplifier that in- 
cludes a distortion detecting loop having a first vector 
regulator, and a distortion canqeling loop having a sec- 
ond vector regulator, and that carries out feedforward 
distortion compensation, the feedforward amplifier com- 
prising: a directional coupler for extracting a part of an 
output signal; a first splitter for extracting a part of an 



input signal; a delay circuit for delaying the input signal 
extracted by the first splitter; a combiner for combining 
the input signal delayed by the delay circuit with the out- 
put signal extracted by the directional coupler; a local 
5 oscillator for generating a signal of a prescribed frequen- 
cy; a frequency converter for down-converting an output 
of the combiner to a low frequency using the signal gen- 
erated by the local oscillator; a first filter for passing a 
distortion component and for rejecting a signal compo- 
10 nent of an output of the frequency converter; a distortion 
component detector for measuring the distortion com- 
ponent output from the first filter; and a second vector 
regulator controllerforcontrolling the second vector reg- 
ulator of the distortion canceling loop such that the dis- 
15 tortion component measured by the distortion compo- 
nent detector becomes minimum. 
[0035] According to this, the feedforward amplifier 
can obviate the need for employing a circuit configura- 
tion operating at a high frequency in the control formin- 
20 imizing the distortion component of the second vector 
regulator in the distortion canceling loop. This offers an 
advantage of being able to facilitate implementing the 
favorable distortion characteristic resistant to variations 
in the ambient temperature or deterioration with age, to 
25 facilitate reduction in size and increase in efficiency, and 
to cope with the frequency change of the input signal by 
varying the local oscillation frequency used forthe fre- 
quency conversion that converts the output of the com- 
biner to the low frequency by the frequency converter. 
30 [0036] Here, the feedforward amplifier can further 
comprise: a third vector regulator interposed between 
the delay circuit andthecombinerfor changing pass am- 
plitude and pass phase of an output of the delay circuit; 
a second splitter interposed between the combiner and 
35 the first filter for dividing a signal supplied to it; a second 
filter for passing a signal component and for rejecting a 
distortion component of a signal delivered by the second 
splitter; a signal component detector for measuring the 
signal component output from the second filter; and a 
40 third vector regulator controller for controlling the third 
vector regulator such that the signal component meas- 
ured by the signal component detector becomes mini- 
mum. 

[0037] According to this, the feedforward amplifier 
45 can obviate the need for the distortion component de- 
tector and signal component detector to mea .re the 
distortion component and signal component at me radio 
frequency. This offers an advantage of being able to im- 
prove the detection accuracy, and to cancel out the sig- 
50 nal component without failure at high accuracy using the 
input signal and output signal in spite of the variations 
in the circuit characteristic due to the deterioration with 
age or ambient temperature variations, thereby imple- 
menting good feedforward distortion compensation. 
55 [0038] The feedforward amplifier can further com- 
prise: a third vector regulator interposed between the 
delay circuit and the combiner for changing pass ampli- 
tude and pass phase of an output of the delay circuit; a 
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second splitter interposed between the combiner and 
the first filter for dividing a signal supplied to it; a signal 
component detector for measuring a signal component 
delivered by the second splitter; and a third vector reg- 
ulator controller for controlling the third vector regulator 
such that the signal component measured by the signal 
component detector becomes minimum . 
[0039] According to this, the feedforward amplifier 
can obviate the second filter for passing the signal com- 
ponent and for rejecting the distortion component of the 
first low frequency.signal distributed by the second split- 
ter which offers an advantage of being able to imple- 
ment the feedforward amplifier with the reduced size 
and cost by an amount of removing the second filter. 
[0040] The second splitter can be interposed between 
the combiner and the frequency converter. 
[00411 According to this, the feedforward amplifier 
can detect in the radio frequency band the output power 
obtained by combining the oulpul of the third vector reg- 
ulator and the part of the output signal extracted by the 
directional coupler. It offers an advantage of being able 
to implement the cancellation of the signal component 
by the combining at practical accuracy, and to carry out 
the control of the feedforward distortion compensation 
system at high accuracy. 

[0042] The distortion detecting loop can comprise an 
input side splitter for dividing the input signal, and a main 
amplifier for amplifying a first part of the input signal di- 
vided by the input side splitter, wherein the first splitter 
can further divide a second part of the input signal di- 
vided by the input side splitter. 
[0043] According to this, the feedforward amplifier 
can obviate the need for installing a splitter on the main 
path of the input signal from the input terminal of the 
feedforward amplifier to the splitter/combiner via the 
main amplifier, that is, on the path of the signal consti- 
tuting the major part of the output signal of the feedfor- 
ward amplifier. Thus, it offers an advantage of being able 
to prevent the reduction in the total gain of the amplifier 
due to the loss of the splitter, and to implement a favo- 
rable distortion characteristic resistant to the venations 
in the ambient temperature or deterioration with age. 
[0044] The distortion detecting loop can comprise an 
input side splitter for dividing the input signal, a mam 
amplifier for amplifying a first part of the input signal di- 
vided by the input side splitter, and an intra-distortion- 
detecling-loop delay circuit for delaying a second part 
of the input signal divided by the input side splitter, 
wherein the first splitter can be interposed into a path 
on an output side of the intra-distortion-detecting-loop 
delay circuit. 

[0045] According to this, the feedforward amplifier 
can utilize the delay circuit in the distortion detecting 
loop as a part of the delay circuit for delaying the input 
signal, which is installed on the path of the input signal 
to be combined with the output signal. Thus, it offers an 
advantage of being able to miniaturize the delay circuit 
by an amount corresponding to the delay the input signal 



undergoes through the delay circuil in the distortion de- 
tecting loop, thereby reducing the total size of the am- 

[0046] According to a second aspect of the present 
s invention, there is provided a feedforward amplifier that 
includes a distortion detecting loop having a first vector 
regulator, and a distortion canceling loop having a sec- 
ond vector regulator, and that carries out feedforward 
distortion compensation, the feedforward amphfiercom- 
w prising: a first splitter for extracting a part of an input 
signal' a delay circuit for delaying the input signal ex- 
tracted by the first splitter; a third vector regulator for 
changing pass amplitude and pass phase of an output 
of the delay circuit; a local oscillatorfor generating a sig- 
fs nalof a prescribed frequency; a firstfrequency converter 
for down-converting an output of the third vector regu- 
lator to a low frequency using the signal generated by 
the local oscillator; a directional coupler for extracting a 
part of an output signal; a second frequency converter 
20 for down-converting an output of the directional coupler 
to a low frequency using the signal generated by the lo- 
cal oscillator; a combiner for combining an output of the 
first frequency converter and an output of the second 
frequency converter; a second splitter for dividing an 
25 output of the combiner, a first filter for passing a distor- 
tion component and for rejecting a signal component of 
a first output of the second splitter; a distortion compo- 
nent detector for measuring the distortion component 
output from the first filter; a second vector regulator con- 
30 trailer for controlling the second vector regulator of the 
distortion canceling loop such that the distortion compo- 
nent measured by the distortion component detector be- 
comes minimum; a second filter for passing a signal 
component and for rejecting a distortion component of 
35 a second output of the second splitter; a signal compo- 
nent detector for measuring the signal component out- 
put from the second filter; and a third vector regulator 
controller for controlling the third vector regulator such 
that the signal component measured by the signal com- 
40 ponent detector becomes minimum. 

[0047] According to this, the feedforward amplifier 
can obviate the need for employing radio frequency con- 
necting wire as the connecting wire on the input side of 
the combiner that combines the output of the third vector 
45 regulator and the output signal extracted by the direc- 
tional coupler, thereby miniaturizing the amplifier. In ad- 
dition the feedforward amplifier can utilize a low fre- 
quency circuit configuration after combining the output 
of the third vector regulator and the output signal ex- 
50 traded by the directional coupler. Thus, it offers an ad- 
vantage of being able facilitate reducing the size and 
cost of the amplifier. 

[0048] According to a third aspect of the present in- 
vention, there is provided a feedforward amplifier that 
55 includes a distortion detecting loop having a first vector 
regulator, and a distortion canceling loop having a sec- 
ond vector regulator, and that carries out feedforward 
distortion compensation, the feedforward amplifier com- 
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prising: a first splitter for extracting a part of an input 
signal; a local oscillator for generating a signal of a pre- 
scribed frequency; a first frequency converter for down- 
converting the input signal extracted by the first splitter 
to a low frequency using the signal generated by the lo- 5 
cal oscillator; a delay circuit for delaying an output signal 
of the first frequency converter; a third vector regulator 
for changing pass amplitude and pass phase of an out* 
put of the delay circuit; a directional coupler for extract- 
ing a part of an output signal; a second frequency con- 10 
verter for down-converting an output of the directional 
coupler to a low frequency using the signal generated 
by the local oscillator; a combiner for combining an out- 
put of the second frequency converter and a signal 
passing through the third vector regulator; a second is 
splitter for dividing an output of the combiner; a first filter 
for passing a distortion component and for rejecting a 
signal component of a first output of the second splitter; 
a distortion component detector for measuring the dis- 
tortion component output from the first filter; a second 20 
vector regulator controller for controlling the second 
vector regulator of the distortion canceling loop such 
that the distortion component measured by the distor- 
tion component detector becomes minimum; a second 
filter for passing a signal component and for rejecting a 25 
distortion component of a second output of the second 
splitter; a signal component detector for measuring the 
signal component output from the second filter; and a 
third vector regulator controller for controlling the third 
vector regulator such that the signal component meas- 30 
ured by the signal component detector becomes mini- 
mum. 

[0049] According to this, the feedforward amplifier 
can configure all the circuit components after the fre- 
quency conversion by using the low frequency compo- 35 
nents. Thus, it offers an advantage of being able to fa- 
cilitate reducing the size and cost of the amplifier. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a block diagram showing a configuration of 
a feedforward amplifier disclosed in Japanese pat- 
ent application publication No. 7-77330; 45 
Fig. 2 is a block diagram showing another configu- 
ration of the feedforward amplifier disclosed in Jap- 
anese patent application publication No. 7-77330; 
Fig. 3 is a block diagram showing a configuration of 
a feedforward amplifier disclosed in Japanese pat- so 
ent application laid-open No. 7-336153; 
Fig. 4 is a block diagram showing a configuration of 
the signal suppressor of the feedforward amplifier 
disclosed in Japanese patent application laid-open 
No. 7-336153; 55 
Fig. 5 is a block diagram showing a configuration of 
an embodiment 1 of the feedforward amplifier in ac- 
cordance with the present invention; 



Fig. 6 is a block diagram showing a configuration of 
an embodiment 2 of the feedforward amplifier in ac- 
cordance with the present invention; 
Fig. 7 is a block diagram showing a configuration of 
an embodiment 3 of the feedforward amplifier in ac- 
cordance with the present invention; 
Fig. 8 is a block diagram showing a configuration of 
an embodiment 4 of the feedforward amplifier in ac- 
cordance with the present invention; 
Fig. 9 is a block diagram showing a configuration of 
an embodiment 5 of the feedforward amplifier in ac- 
cordance with the present invention; 
Fig. 10 is a block diagram showing a configuration 
of an embodiment 6 of the feedforward amplifier in 
accordance with the present invention; 
Fig. 11 is a block diagram showing a configuration 
of an embodiment 7 of the feedforward amplifier in 
accordance with the present invention; and 
Fig. 12 is a block diagram showing a configuration 
of an embodiment 8 of the feedforward amplifier in 
accordance with the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0051 ] The best mode for carrying out the present in- 
vention will now be described with reference to the ac- 
companying drawings. 

EMBODIMENT 1 

[0052] Fig. 5 is a block diagram showing a configura- 
tion of an embodiment 1 of the feedforward amplifier in 
accordance with the present invention. In Fig. 5, the ref- 
erence numeral 1 designates an input terminal of the 
amplifier; 2 designates a splitter (input side splitter) for 
delivering the input signal supplied from the input termi- 
nal 1 to two paths; 3 designates a first vector regulator 
for electrically adjusting the amplitude and phase of the 
signal passing through the first path; 4 designates a 
main amplifier for amplifying the input signal; 5 desig- 
nates a delay circuit (a delay circuit in the distortion de- 
tecting loop) for delaying the input signal that is deliv- 
ered by the splitter 2 and passes through the second 
path; and 6 designates a splitter/combiner for dividing a 
part of the output signal of the main amplifier 4, for sup- 
plying a first part of that signal to the delay circuit 9, and 
for combining a second part of the signal and the part 
of the input signal passing through the delay circuit 5 to 
be supplied to a directional coupler 13. 
[0053] The reference numeral 103 designates a dis- 
tortion detecting loop comprising the splitters 2 and 25, 
the first vector regulator 3, the main amplifier 4, the delay 
circuit 5 and the splitter/combiner 6. It cancels out the 
input signal component by combining the input signal 
with the output of the main amplifier 4, thereby extracting 
the distortion component of the main amplifier 4. 
[0054] The reference numeral 9 designates the delay 
circuit; 10 designates a combiner; 11 designates a sec- 
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ond vector regulator, 12 designates an auxiliary ampli- 
fier 13 designates the directional coupler for extracting 
pari of the output signal; 102 designates a distortion 
canceling loop comprising the delay circuit 9, the com- 
biner 10, the second vector regulator 11, the auxiliary 
amplifier 12 and the directional coupler 13. The refer- 
ence numeral 14 designates a directional coupler; and 
15 designates an output terminal of the amplifier. The 
reference numeral 20 designates a controller for con- 
trolling the first vector regulator 3; 21 designates a level 
detector 24 designates a delay circuit for delaying the 
input signal extracted by a splitter 25; and 25 designates 
the splitter (first splitter) for extracting a part of the input 
signal. 

[0055] The reference numeral 51 designates a com- 
binerfor combining the input signal delayed by the delay 
circuit 24 with the output signal extracted by the direc- 
tional coupler 14; 52 designates a local oscillator for 
generating a signal of a prescribed frequency; 53 des- 
ignates a frequency converter for down-converting the 
output of the combiner 51 to a low frequency signal us- 
ing the signal output from the local oscillator 52; 54 des- 
ignates a fitter (first filter), a bandpass filter for rejecting 
the signal component and for passing the distortion 
component of the signal output from the frequency con- 
verter 53; 55 designates a power detector (distortion 
component detector) for measuring the distortion com- 
ponent output from the filter 54; and 56 designates a 
controller (second vector regulator controller) for con- 
trolling the second vector regulator 11 of the distortion 
canceling loop 102 such that the distortion component 
detected by the power detector 55 becomes minimum. 
[0056] Next, the operation of the present embodiment 
1 will be described. 

[0057] In the present embodiment 1 of the feedfor- 
ward amplifier the output signal of the main amplifier 4 
passes through' the splitter/combiner 6, and the major 
part thereof passes through the delay circuit 9 to be sup- 
plied to the first input terminal of the combiner 10 in- 
stalled on the output side. The distortion component ex- 
tracted by the distortion detecting loop 103 appears at 
a terminal of the splitter/combiner 6, passes through the 
directional coupler 13 and second vector regulator 11, 
and is amplified by the auxiliary amplifier 1 2 to be input 
to the second input terminal of the combiner 10. The 
combiner 10 combines the output signal passing 
through the delay circuil 9 with the distortion component 
amplified by the auxiliary amplifier 12 in the same am- 
plitude but in the opposite phase to cancel the distortion 
component, thereby producing the output with little dis- 
tortion from the output terminal 15. 
[0058] The feedforward amplifier carries out the opti- 
mizing control of the distortion detecting loop 1 03 as fol- 
lows by controlling the vector regulator 3. 
[0059] Specifically, the level detector 21 detects the 
distortion component signal extracted by the directional 
coupler 13, and the controller 20 controls the first vector 
regulator 3 such that the power level of the distortion 



component becomes minimum. Thus, the optimum con- 
trol of the distortion detecting loop 103 is carried out. In 
this case, the directional coupler 13 can be installed af- 
ter the auxiliary amplifier 12 without any problem, 
s [0060] On the other hand, the combiner 51 is supplied 
with the part of the signal extracted by the splitter 25 
installed at the input side of the feedforward amplifier 
via the delay circuit 24. The combiner 51 is also supplied 
with the part of the output signal of the feedforward am- 
10 plifier from the directional coupler 1 4 on the output side. 
Thus the combiner 51 combines the output signal of the 
feedforward amplifier supplied from the directional cou- 
pler 14 with the input signal extracted by the splitter 25 
installed at the input side. By combining the input signal 
T5 with the output signal in the opposite phase but with the 
same amplitude, the signal component of the output sig- 
nal of the feedforward amplifier is canceled out, leaving 
only the distortion component. 

[0061] The delay circuit 24 is.installed to place the in- 
20 put signal and the output signal in the opposite phase 
but in the same amplitude at the combiner 51 . 
[0062] To bring the input signal and output signal in 
the opposite phase but in the same amplitude perfectly 
at the combiner 51 is difficult because of the accuracy 
25 of the circuit components. It is practical to assume that 
the signal component is canceled out by a factor of 
about 30 dB. The ratio of the signal component to the 
distortion component of the feedforward amplifier is 
from 50 dB to 60 dB. Accordingly, the signal component 
30 is greater than the distortion component by 20 dB to 30 
dB even at the output of the combiner 51. Taking ac- 
count of this, the frequency converter 53 down-converts 
the output of the combiner 51 to a sufficiently lower fre- 
quency using the output of the local oscillator 52, and 
35 the filter 54, rejecting the signal component and passing 
the distortion component, extracts only the distortion 
component. The power of the distortion component is 
detected by the power detector 55. When the power of 
the distortion component is minimum, the distortion can- 
40 celing loop 1 02 is adjusted to the optimum state of the 
feedforward distortion compensation system. There- 
fore, the controller 56 controls the second vector regu- 
lator 1 1 such that the power detected by the power de- 
tector 55 becomes minimum. 
45 [0063] Incidentally, it is very difficult to fabricate a filter 
capable of extracting only the distortion component di- 
rectly from the radio frequency output of the combiner 
51 without down-converting it. 

[0064] As described above, since the present embod- 
50 iment 1 does not use the pilot signal, the pilot signal is 
not produced from the output terminal 15. Thus, the 
present embodiment 1 can obviate the filter for eliminat- 
ing the pilot signal, and offers an advantage of being 
able to miniaturize the feedforward amplifier with ease. 
55 [0065] In addition, since the present embodiment 1 
can prevent the efficiency of the amplifier from being de- 
creased by the loss of the filter, it can configure a high 
efficiency amplifier, thereby offering an advantage of be- 



13 



EP1 126 596 A1 



14 



ing Able to promote the miniaturization and improve the 
efficiency of devices utilizing the feedforward amplifier. 
[0066] Furthermore, since the present embodiment 1 
cancels out the signal component by the combiner 51 
that combines the input signal extracted by the splitter 5 
25 with the output signal extracted by the directional 
coupler 1 4, the power difference between the frequency 
components of the signal and of the distortion passing 
through the filter 54 can be a feasible value from 30 dB 
to 40 dB, for example. Thus, it offers an advantage of 10 
being able to implement the feedforward amplifier ena- 
bling the reduction in its size and cost. 
[0067] Moreover, since the present embodiment 1 de- 
tects the power of the distortion component using the 
low frequency filter 54 after down-converting the radio- « 
frequency signal to the low frequency by the frequency 
converter 53, it is unnecessary to achieve signal sup- 
pression of about 60 dB in the radio frequency as the 
feedforward amplifier of Figs. 3 and 4, but the suppres- 
sion of about 30 dB is sufficient. Therefore, the multi- 20 
stage signal suppressor 22 as shown in Fig. 4 is not re- 
quired, offering an advantage of being able to implement 
a small size, practical feedforward amplifier. 
[0068] In addition, the present embodiment 1 can eas- 
ily cope with the frequency change in amplification by 2s 
varying the oscillation frequency of the local oscillator 
52. In this case, employing a voltage controlled oscillator 
(VCO) as the local oscillator 52 enables the oscillation 
frequency to be electrically controlled easily, offering an 
advantage of being able to implement a feedforward * 
amplifier that can flexibly deal with the change in the 
amplification frequency. 

EMBODIMENT 2 

3, 

[0069] Fig. 6 is a block diagram showing a configura- 
tion of an embodiment 2 of the feedforward amplifier. In 
Fig. 6, the same or like portions to those of Fig. 5 are 
designated by the same reference numerals, and the 
description thereof is omitted here. In Fig. 6 , the refer- 4 
ence numeral 57 designates a splitter (second splitter) 
interposed between the combiner 51 and the filter 54 for 
dividing the signal; 58 designates a filter (second fitter), 
a bandpass filter for rejecting the distortion component 
and passing the signal component of the signal deliv- * 
ered by the splitter 57; 59 designates a power detector 
(signal component detector) for measuring the power of 
the signal component output from the filter 58; 60 des- 
ignates a controller (third vector regulator controller) for 
controlling a third vector regulator 61 such that the signal * 
component measured by the power detector 59 be- 
comes, minimum; and 61 designates the third vector 
regulator. 

[0070] Next, the operation of the present embodiment 
2 will be described. 

[0071] A part of the input signal divided by the splitter 
25 passes through the delay circuit 24 and the third vec- 
tor regulator 61 to be supplied to the combiner 51 . The 



combiner 51 combines the input signal with the output 
signal extracted by the directional coupler 14, and the 
frequency converter 53 down-converts the output of the 
combiner 51 . The splitter 57 delivers a first part of the 
output of the frequency converter 53 to the filter 54 that 
passes only the distortion component to be detected by 
the power detector 55. 

[0072] The splitter 57 supplies a second part of the 
output to the filter 58 so that the power detector 59 de- 
tects the power level of the signal component. 
[0073] To improve the accuracy of the cancellation of 
the signal component by the combiner 51 that combines 
the input signal with the output signal for the cancella- 
tion, the controller 60 controls the third vector regulator 
61 such that the power level detected by the power de- 
tector 59 becomes minimum. 

[0074] As for the distortion component, on the other 
hand, the power detector 55 detects its power level and 
supplies it to the controller 56 that controls the second 
vector regulator 11 such that the power level becomes 
minimum. The control of the second vector regulator 11 
by the controller 56 is carried out independently of the 
control of the third vector regulator 61 by the controller 
60. 

[0075] Although the third vector regulator 61 is in- 
stalled on the path on the input signal side, it can be 
interposed into the path on the output signal side from 
the directional coupler 14. 

[0076] As described above, the present embodiment 
2 can achieve similar advantages of the embodiment 1 . 
In addition, it can always carry out the cancellation of 
the signal component at high accuracy by the combiner 
51 using the input signal and output signal, in spite of 
the changes in the characteristics of the splitter 25, de- 
lay circuit 24, directional coupler 14 and combiner 51 
due to the deterioration with age or ambient temperature 
variations. Thus, the present embodiment 2 can reduce 
the residual signal component due to insufficient can- 
cellation to a favorable level, and reduce the (adverse) 
effect of the residual signal component on the power de- 
tection of the distortion component by the power detec- 
tor 55. Therefore, the power detector 55 can detect the 
power of the distortion component at high detection ac- 
curacy, and the controller 56 can control the second vec- 
tor regulator 11 satisfactorily, thereby always maintain- 
ing the feedforward distortion compensation at a good 
condition. 

[0077] Furthermore, even when the frequency of the 
amplification changes, since the frequency characteris- 
tics of the splitter 25, delay circuit 24, directional coupler 
14 and combiner 51 can be compensated for by adjust- 
ing the third vector regulator 61, the combiner 51 can 
always cancel the signal component at high accuracy, 
thereby implementing satisfactory feedforward distor- 
tion compensation. 
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EMBODIMENT 3 



[0078] Fig. 7 is a block diagram showing a configura- 
tion of the present embodiment 3 of the feedforward am- 
plifier. In Fig. 7, the same or like portions to those of Fig. 
6 are designated by the same reference numerals, and 
the description thereof is omitted here. 
[0079] The present embodiment 3 of the feedforward 
amplifier is configured by eliminating the filter 58 for 
passing the signal frequency component from the con- 
figuration as shown in Fig. 6. 

[0080] Next, the operation of the present embodiment 
3 will be described. 

[0081 ] The accuracy of the cancellation of the signal 
component by the combiner 51 is determined by the ac- 
curacy of the components of the system, and is about 
30 dB at best. Accordingly, the signal component occu- 
pies the major portion of the output of the frequency con- 
verter 53. As a result, it usually presents little problem 
to eliminate the filter for passing only the signal compo- 
nent from before the power detector59 for detecting the 
power level of the signal component. 
[0082] Thus, the configuration as shown in Fig. 7 that 
removes the filter 58 for passing the signal frequency 
component from the configuration as shown in Fig. 6 can 
not only achieve the advantages of the foregoing em- 
bodiment 2, but also offer an advantage of being able 
to implement the reduction in size and cost of the feed- 
forward amplifier. 

EMBODIMENT 4 



[0083] Fig. 8 is a block diagram showing a configura- 
tion of the present embodiment 4 of the feedforward am- 
plifier. In Fig. 8, the same or like portions to those of Fig. 
7 are designated by the same reference numerals, and 
the description thereof is omitted here. In Fig. 8, the ref- 
erence numeral 62 designates a splitter (second splitter) 
for dividing the output of the combiner 51 ; and 63 des- 
ignates a radio-frequency power detector (signal com- 
ponent detector) for detecting the power of the signal 
delivered by the splitter 62. 

[0084] Next, the operation of the present embodiment 
4 will be described. 

[0085] The output of the combiner 51 is divided by the 
splitter 62, and the first part thereof is supplied to the 
frequency converter 53 that down-converts it to the low 
frequency. The low frequency signal passes through the 
filter 54 for passing the distortion component frequency 
and is supplied to the power detector 55 so that the con- 
troller 56 controls the second vector regulator 11 such 
that the power level of the distortion component detect- 
ed by the power detector 55 becomes minimum. 
[0086] The second part delivered by the splitter 62 is 
directly supplied to the radio-frequency power detector 
63 that detects its power level . The controller 60 controls 
the third vector regulator 61 such that the power level 
becomes minimum to reduce the signal component in 



the output of the combiner 51 , thereby improving the de- 
tection accuracy of the distortion component by the level 
detector 21. 

[0087] As described in the foregoing embodiment 3, 
5 although the signal component in the output of the com- 
biner 51 is canceled to some extent, it still occupies the 
major portion of the output. Accordingly, the present em- 
bodiment 4 directly detects the output power of the com- 
biner 51 in the radio frequency band, and controls the 
10 third vector regulator 61 such that the power becomes 
minimum. Thus, the present embodiment 4 can imple- 
ment the cancellation of the signal component by the 
combiner 51 at practical accuracy, offering an advan- 
tage of being able to provide the feedforward amplifier 
15 capable of controlling the feedforward distortion com- 
pensation system at high accuracy. 

EMBODIMENT 5 

20 [0088] Fig. 9 is a block diagram showing a configura- 
tion of the present embodiment 5 of the feedforward am- 
plifier. In Fig. 9, the same or like portions to those of Fig. 
6 are designated by the same reference numerals, and 
the description thereof is omitted here. In Fig. 9, the ref- 
25 erence numeral 64 designates a frequency converter 
(second frequency converter) for down-converting the 
output signal split by the directional coupler 1 4 to a low 
frequency using the signal output from the local oscilla- 
tor 52; 65 designates a frequency converter (first fre- 
30 quency converter) for down-converting the output of the 
third vector regulator 61 to a low frequency using the 
signal output from the local oscillator 52; and 66 desig- 
nates a combiner for combining the outputs of the fre- 
quency converters 64 and 65. 
35 [0089] Next, the operation of the present embodiment 
5 will be described. 

[0090] A part of the input signal divided by the splitter 
25 passes through the delay circuit 24 and the third vec- 
tor regulator 61 , and is down-converted to the low fre- 
40 quency signal by the frequency converter 65. 

[0091] On the other hand, a part of the output signal 
extracted by the directional coupler 1 4 is down-convert- 
ed to the low frequency signal by the frequency convert- 
er 64. The combiner 66 combines the outputs of the f re- 
45 quency converters 64 and 65 in the same amplitude but 
in the opposite phase to cancel out the signal compo- 
nent. The output signal of the combiner 66 is divided into 
two portions by the splitter 57. The first portion passes 
through the filter 54 that passes only the distortion corn- 
so ponent frequency, and is supplied to the power detector 
55. The second portion passes through the filter 58 that 
passes only the signal component frequency, and is 
supplied to the power detector 59. 
[0092] As in the embodiment 2 described before, the 
55 controllers 56 and 60 control the second vector regulator 
11 and third vector regulator 61 , respectively. 
[0093] The present embodiment 5 of the feedforward 
amplifier differs from the foregoing embodiment 2 in that 
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the combiner 66 combines the two low frequency sig- 
nals, that is, the input signal divided by the splitter 25 
and the output signal extracted by the directional cou- 
pler 1 4, to extract the distortion component by canceling 
out the signal component. Accordingly, the combiner 66 
can be a combiner for the low frequency. 
[0094] As described above, the present embodiment 
5 offers the same advantages of the foregoing embod- 
iment 2. In addition, it can obviate the radio-frequency 
connecting wire on the input side of the combiner 66, 
thereby offering an advantage of being able to provide 
greater flexibility of wiring, and by extension to miniatur- 
ize the device. 

[0095] Furthermore, the present embodiment 5 can 
implement the circuit configuration using the low fre- 
quency combiner 66, splitter 57 and filters 54 and 58, 
making it easier to integrate them into an IC. Thus, it 
offers an advantage of being able to implement the feed- 
forward amplifier that can reduce its size and cost with 
ease. 

EMBODIMENT 6 

[0096] Fig. 10 is a block diagram showing a configu- 
ration of the present embodiment 6 of the feedforward 
amplifier. In Fig. 10, the same or like portions to those 
of Fig. 9 are designated by the same reference numer- 
als, and the description thereof is omitted here. In Fig. 
10, the reference numeral 67 designates a frequency 
converter (first frequency converter) for down-convert- 
ing a part of the input signal divided by the splitter 25 by 
using the output signal from the local oscillator 52; 68 
designates a low frequency delay circuit for delayin g the 
output of the frequency converter 67; and 69 designates 
a low frequency vector regulator for adjusting the pass 
amplitude and pass phase of the output of the delay cir- 
cuit 68. 

[0097] The present embodiment 6 of the feedforward 
amplifier differs from the foregoing embodiment 5 in that 
the part of the input signal divided by the input side split- 
ter 25 is immediately down-converted to the low fre- 
quency by the frequency converter 67. The output of the 
frequency converter 67 passes through the low frequen- 
cy delay circuit 68 and the low frequency vector regula- 
tor 69, and is supplied to the combiner 66. The subse- 
quent operation is the same as that of the foregoing em- 
bodiment 5. 

[0098] As described above, the present embodiment 
6 can achieve the same advantages as the foregoing 
embodiment 5. In addition, the present embodiment 6 
can utilize low frequency components for the delay cir- 
cuit 68 and the vector regulator 69, which are fabricated 
easier than those of the radio-frequency counterparts. 
In addition, the vector regulator can be configured using 
a signal processing circuit (DSP: Digital Signal Proces- 
sor) which can provide greater flexibility to the vector 
regulator, making it easier to miniaturize and adjust the 
vector regulator, and by extension to reduce the size of 



the feedforward amplifier and to improve the distortion 
characteristic. 

[0099] Furthermore, since all the circuit components 
following the frequency converters 64 and 67 are low 

5 frequency components, it possible to integrate them into 
an IC including the controller 56 for controlling the dis- 
tortion canceling loop 102 (that is, the second vector 
regulator 11 ) of the feedforward distortion compensation 
circuit. Thus, the present embodiment 6 offers an ad- 

10 vantage of being able to implement the feedforward am- 
plifier with a reduced size and cost. 

EMBODIMENT 7 

15 [0100] Fig. 1 1 is a block diagram showing a configu- 
ration of the present embodiment 7 of the feedforward 
amplifier. In Fig. 11, the same or like portions to those 
of Fig. 6 are designated by the same reference numer- 
als, and the description thereof is omitted here. In Fig. 

20 11 , the reference numeral 71 designates a splitter (first 
splitter) interposed between the splitter 2 and the delay 
circuit 5 for further dividing the part of the input signal 
divided by the splitter 2. 

[0101] The present embodiment 7 of the feedforward 
25 amplifier differs from the foregoing embodiment 2 in that 
it comprises the splitter 71 , which is interposed between 
the splitter 2 and the delay circuit 5 for further dividing 
the part of the input signal divided by the splitter 2, in- 
stead of the splitter 25 for dividing the input signal sup- 

30 plied from the input terminal 1 . 

[0102] The foregoing configuration can remove the 
splitter 25 from the main path of the input signal from 
the input terminal 1 to the splitter/combiner 6 via the 
main amplifier 4, that is, the path of the major part of the 

35 signal to become the output signal of the feedforward 
amplifier, thereby preventing the reduction in the total 
gain of the amplifier due to the loss of the splitter 25. 
[0103] Although the configuration of Fig. 11 changes 
. the position of the splitter 25 for dividing the input signal 

40 in the foregoing embodiment 2, the foregoing embodi- 
ments 1 , and 3-6 can also offer the same advantage as 
the present embodiment 7 by changing the position of 
their splitter 25. 

45 EMBODIMENT 8 

[0104] Fig. 12 is a block diagram showing a configu- 
ration of the present embodiment 8 of the feedforward 
amplifier. In Fig. 12, the same or like portions to those 

so of Fig. 6 are designated by the same reference numer- 
als, and the description thereof is omitted here. In Fig. 
12, the reference numeral 72 designates a splitter inter- 
posed into the path on the output side of the delay circuit 
5 for further dividing a part of the input signal divided by 

55 the splitter 2 and passing through the delay circuit 5. 
[01 05] The present embodiment 8 of the feedforward 
amplifier differs from the foregoing embodiment 2 in that 
it comprises the splitter 72, which is interposed into the 
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path on the output side of the delay circuit 5 for further 
dividing the part of the input signal divided by the splitter 
2 and passing through the delay circuit 5, instead of the 
splitter 25 for dividing the input signal supplied from the 
input terminal 1. 

[01 06] This configuration makes it possible for the de- 
lay circuit 5 to share the function of the delay circuit 24 
in part, reducing the delay time of the delay circuit 24. 
Thus, it is possible to reduce the size of the delay circuit 
24, and by extension to reduce the size of the device. 
[0107] Although the configuration of Fig. 12 utilizes 
the splitter 72 interposed into the path on the output side 
of the delay circuit 5 in place of the splitter 25 for dividing 
the input signal in the foregoing embodiment 2, the fore- 
going embodiments 1 , and 3-6 can also offer the same 
advantage as the present embodiment 8 by changing 
the position of their splitter 25 to the output side of the 
delay circuit 5. 

INDUSTRIAL APPLICABILITY 

[0108] As described above, the feedforward amplifier 
in accordance with the present invention can be prefer- 
ably applied to the low distortion amplif ication in a radio 
frequency band such as VHF, UHF and microwave fre- 
quency bands for implementing favorable distortion 
compensation without being affected by the ambient 
temperature or deterioration with age. 
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1. A feedforward amplifier that includes a distortion 
detecting loop having a first vector regulator, and a 
distortion canceling loop having a second vector 35 
regulator, and that carries out feedforward distortion 
compensation, said feedforward amplifier compris- 
ing: 

a directional coupler for extracting a part of an 40 
output signal; 

a first splitter for extracting a part of an input 
signal; 

a delay circuit for delaying the input signal ex- 
tracted by said first splitter; 45 
a combiner for combining the input signal de- 
layed by said delay circuit with the output signal 4. 
extracted by said directional coupler; 
a local oscillatorforgenerating a signal ofapre- 
scribed frequency; 50 
a frequency converter for down-converting an 5. 
output of said combiner to a low frequency us- 
ing the signal generated by said local oscillator; 
a first filter for passing a distortion component 
and for rejecting a signal component of an out- 55 
put of said frequency converter; 
a distortion component detector for measuring 
the distortion component output from said first 



filter; and 

a second vector regulator controller for control- 
ling said second vector regulator of said distor- 
tion canceling loop such that the distortion com- 
ponent measured by said distortion component 
detector becomes minimum. 

2. The feedforward amplifier according to claim 1 , fur- 
ther comprising: 

a third vector regulator interposed between 
said delay circuit and said combiner for chang- 
ing pass amplitude and pass phase of an output 
of said delay circuit; 

a second splitter interposed between said com- 
biner and said first filter for dividing a signal 
supplied to it; 

a second filter for passing a signal component 
and for rejecting a distortion component of a 
signal delivered by said second splitter; 
a signal component detector for measuring the 
signal component output from said second fil- 
ter; and 

a third vector regulator controller for controlling 
said third vector regulator such that the signal 
component measured by said signal compo- 
nent detector becomes minimum. 



3. The feedforward amplifier according to claim 1 , fur- 
so ther comprising: 

a third vector regulator interposed between 
said delay circuit and said combiner for chang- 
ing pass amplitude and pass phase of an output 
of said delay circuit; 

a second splitter interposed between said com- 
biner and said first filter for dividing a signal 
supplied to it; 

a signal component detector for measuring a 
signal component delivered by said second 
splitter; and 

a third vector regulator controller for controlling 
said third vector regulator.such that the signal 
component measured by said signal compo- 
nent detector becomes minimum. 

The feedforward amplifier according to claim 3, 
wherein second splitter is interposed between said 
combiner and said frequency converter. 

The feedforward amplifier according to claim 1 , 
wherein said distortion detecting loop comprises an 
input side splitter for dividing the input signal, and 
a main amplifier for amplifying a first part of the input 
signal divided by said input side splitter, and where- 
in said first splitter further divides a second part of 
the input signal divided by said input side splitter. 
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The feedforward amplifier according to claim 1, 
wherein said distortion detecting loop comprises an 
input side splitter for dividing the input signal , a main 
amplifier for amplifying a first part of the input signal 
divided by said input side splitter, and an intra-dis- 
tortion-detecting-loop delay circuit for delaying a 
second part of the input signal divided by said input 
side splitter, and wherein said first splitter is inter- 
posed into a path on an output side of said intra- 
distortion-detecting-loop delay circuit. 

A feedforward amplifier that includes a distortion 
detecting loop having a first vector regulator, and a 
distortion canceling loop having a second vector 
regulator, and that carries out feedforward distortion 
compensation, said feedforward amplifier compris- 
ing: 

a first splitter for extracting a part of an input 
signal; 

a delay circuit for delaying the input signal ex- 
tracted by said first splitter; 
a third vector regulator for changing pass am- 
plitude and pass phase of an output of said de- 
lay circuit; 

a local oscillator for generating a signal of a pre- 
scribed frequency; 

a first frequency converter for down-converting 
an output of said third vector regulator to a low 
frequency using the signal generated by said 
local oscillator; 

a directional coupler for extracting a part of an 
output signal; 

a second frequency converter for down-con- 
verting an output of said directional coupler to 
a low frequency using the signal generated by 
said local oscillator; 

a combiner for combining an output of said first 
frequency converter and an output of said sec- 
ond frequency converter; 
a second splitter for dividing an output of said 
combiner; 

a first filter for passing a distortion component 

and for rejecting a signal component of a first 

output of said second splitter; 

a distortion component detector for measuring 

the distortion component output from said first 

filter; 

a second vector regulator controller for control- 
ling said second vector regulator of said distor- 
tion canceling loop such that the distortion com- 
ponent measured by said distortion component 
detector becomes minimum; 
a second filter for passing a signal component 
and for rejecting a distortion component of a 
second output of said second splitter; 
a signal component detector for measuring the 
signal component output from said second fil- 



ter; and 

a third vector regulator controller for controlling 
said third vector regulator such that the signal 
component measured by said signal compo- 
nent detector becomes minimum. 

A feedforward amplifier that includes a distortion 
detecting loop having a first vector regulator, and a 
distortion canceling loop having a second vector 
regulator, and that carries out feedforward distortion 
compensation, said feedforward amplifier compris- 
ing: 

a first splitter for extracting a part of an input 
signal; 

a local oscillator for generating a signal of a pre- 
scribed frequency; 

a first frequency converter for down-converting 
the input signal extracted by said first splitter to 
a low frequency using the signal generated by 
said local oscillator; 

a delay circuit for delaying an output signal of 
said first frequency converter; 
a third vector regulator for changing pass am- 
plitude and pass phase of an output of said de- 
lay circuit; 

a directional coupler for extracting a part of an 
output signal; 

a second frequency converter for down-con- 
verting an output of said directional coupler to 
a low frequency using the signal generated by 
said local oscillator; 

a combinerforcombining an output of said sec- 
ond frequency converter and a signal passing 
through said third vector regulator; 
a second splitter for dividing an output of said 
combiner; 

a first filter for passing a distortion component 

and for rejecting a signal component of a first 

output of said second splitter; 

a distortion component detector for measuring 

the distortion component output from said first 

filter; 

a second vector regulator controller for control- 
ling said second vector regulator of said distor- 
tion canceling loop such that the distortion com- 
ponent measured by said distortion component 
detector becomes minimum; 
a second filter for passing a signal component 
and for rejecting a distortion component of a 
second output of said second splitter; 
a signal component detector for measuring the 
signal component output from said second fil- 
ter; and 

a third vector regulator controller for controlling 
said third vector regulator such that the signal 
component measured by said signal compo- 
nent detector becomes minimum. 



EP1 126 596 A1 




EP1 126 596 A1 



o 



.J 



-1 
< 

Z 

S3 

QU 



ft, 

O o J 
o 



COMBINER 



(J ON 

i d 

z 
o 



o 



L 




O 

..e 

UQUJ 



L 



z 

O at 
QQ 



CONTROLLER 



O 

3 

O 

z 



[2 

Q 

Z 
O 

■I 

o 



d 



SPLITTER 



L_. 



I 



-H -6 



EP1 126 596 A1 




EP 1 126 596 A1 



FIG.4 



22 

i 

SIGNAL SUPPRESSOR 

201 . 203 203 203 



204 



205 



202 201 202 201 202 201 202 



EP 1 126 596 A1 




EP 1 126 596 A1 




EP 1 126 596 A1 




EP1 126 596 A1 




EP 1 126 596 A1 




EP 1 126 596 A1 




EP1 126 596 A1 





EP1 126 596 A1 




EP1 126 596 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP00/02202 



A CLASSIFICATION OF SUBJECT MATTER 
int. CI 1 H03F 1/32 



According to International Patent Classification (IPC) or to both national classification end IPC 



D. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H03F 1/32 



^iSSTJSSa Koho ; 9 97l20 9 00 Jitsuyo Shinan TorOcu Koho 1996-2000 



Electronic data base consulted during the int ernational search (name of data base and, where practicable, search terms used) 



fc DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 
1^8 



US, 5023565, A (AT&T Bell Laboratories), 
11 June, 1991 (11.06.91) 
& JP, 4-213207, A & EP, 438875, Bl 
& CA, 2027812, C 

CA, 2251504, Al (MITSUBISHIDENKI KABUSHIKIKAISHA) 
12'june, 1999 (12.06.99) 
& JP, 11-177351, A 

JP, 7-336153, A (Kokusai Electric Co., Ltd.), 
22 December, 1995 (22.12.95) (Family: none) 



1-8 



1-B 



□ Funhcr documents are listed in the continuation of Box C. □ See patent family annex. 



I Special categories of cited documents: 

"A" document defining the general state of the an which is not 
I considered to be of particular relevance 
•E" earlier document but published on or after the international filing 
dale 

document which may throw doubts on priority cUim(s) or which is 
cited to establish the publication date of another citation or other 
specitl reason (as specified) 

document refemag to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later 
than the priority date claimed 



later document published afler the international Tiling dale or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 
document of particular relevance; the claimed invention cannot bo 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combinoiion being obvious to a person skilled in the on 
document member of the same patent family 



Date of the actual completion of the international search 
' 27 June, 2000 (27.06.00) 



I Name and mailing address of the ISA/ 

Japanese Patent Office 

I Facsimile No. 



Date of mailing of the international search report 
11 July, 2000 (11.07.00) 



Authorized officer 



Telephone No. 



Form PCI71SA/210 (second sheet) (July 1992) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT OR DRAWING 

1^ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



